Objectives: KPC-producing pathogens exhibit variable carbapenem susceptibility levels, which is probably the result of the genetic environment of the bla KPC genes. Here we determined the transcriptional start sites (TSSs) and the expression of the bla KPC-2 gene in various genetic contexts and in different hosts (Escherichia coli, Pseudomonas aeruginosa and Acinetobacter baumannii).
Introduction
The KPC carbapenem-hydrolysing b-lactamases belong to the Ambler class A serine b-lactamases. Initially reported from a clinical isolate of Klebsiella pneumoniae, 1,2 they have now spread in Enterobacteriaceae and to a lesser extent in Pseudomonas aeruginosa and Acinetobacter baumannii. [3] [4] [5] [6] The bla KPC-like genes are most commonly harboured on a Tn3-family transposon, namely Tn4401, which is located on transferable plasmids of different sizes and structures. 7 Previous work identified two efficient promoter sequences (P1 and P2) and a putative promoter sequence (P3) forming a stem loop upstream of the bla KPC gene ( Figure 1a) . 8, 9 KPC-producing P. aeruginosa were initially reported in 2006 from Colombia and were subsequently increasingly isolated from the Americas, the Caribbean region and China. 7, 10, 11 In P. aeruginosa, the bla KPC-2 gene may be chromosome-or plasmid-located and associated with different genetic structures derived from Tn4401. In P. aeruginosa isolates from Colombia, the bla KPC gene was inserted in a truncated form of Tn4401, which was interrupted by a Tn3 transposon, itself interrupted by IS26, inserted within the bla TEM-1 gene. Tn3 insertion occurred immediately upstream of the #35 box of the P1 promoter (Figure 1b) . 12 In this previous study the bla KPC gene was likely to have been expressed from its native P1 promoter as well as by the outward-directed pOUT promoter of Tn3. 13 In 2009, Wolter et al. 3 identified a third genetic environment for the bla KPC-5 gene in a P. aeruginosa clinical isolate from Puerto Rico (Figure 1c) . The immediate sequence upstream of the bla KPC-5 gene was identical to Tn5563 with a 39 bp terminal repeat region, containing a putative #35 promoter element (TTGCTC), and a 65 bp sequence showing identity with a truncated form of the kluAB gene (putative post-segregational killing genes), containing a putative #10 promoter element (TAGGAT) for transcription and a ribosomal binding site. 3 The aim of our study was to identify the putative promoter sequences involved in bla KPC gene expression in E. coli, P. aeruginosa and A. baumannii.
Materials and methods
Bacterial strains and plasmids K. pneumoniae KN2303 (Tn4401b) was used to amplify the entire bla KPC-2 gene and its upstream region containing P1, P2 and P3 sequences and named 'structure A' in the present study.
9 P. aeruginosa PA-2, from Colombia, was used to amplify the entire bla KPC-2 gene and its upstream region containing P1 and pOUT from Tn3 and named 'structure B'. 12 The nucleotide sequence available in the GenBank database under accession number EU400222 was used to construct the bla KPC-2 gene with an upstream sequence identical to the Tn5563-like structure and named 'structure C'.
3
E. coli DH10B, P. aeruginosa KG2505 and A. baumannii CIP 70.10 (Pasteur Institute, Paris, France) were used as hosts for cloning (E. coli only) and for expression experiments as previously described. 14, 15 The tetracycline-resistant pBBR1MCS.3 plasmid and the rifampicin-resistant pIM-arr2 plasmid were used as vectors for expression experiments in E. coli and P. aeruginosa, and in E. coli and A. baumannii, respectively. 12, 14 Bacterial cultures were grown in trypticase soy (TS) broth at 37 C for 18 h unless indicated.
MIC determinations
MICs were determined by Etests and results were interpreted following CLSI guidelines.
16 Figure 1 . Genetic organization of the upstream region of the bla KPC-2 gene and mapping of its TSSs. Black triangles represent the inverted repeats. The nucleotides immediately upstream of the bla KPC-2 translational start codon are shown in the three structures. The !1 and putative #10 and #35 promoter elements are shown in bold: P1, P2 and P3 in structure A (a); 2,8,9 P1, 2 P2b (present study) and P3b (present study) in structure B (b); and P in structure C, initially described for bla KPC-5 (c).
3 IS or transposon extremities are framed.
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Cloning experiments and PCR experiments
The In-Fusion HD cloning kit (Clontech, Ozyme, Saint Quentin en Yvelines, France) was used as recommended by the manufacturer for cloning of the different bla KPC gene-containing structures. Primer sequences are listed in Table S1 (available as Supplementary data at JAC Online). The plasmids pBBR1MCS.3 and pIM-arr2 were restricted using XbaI/SpeI and XbaI/EcoRI, respectively. The bla KPC-2 genes were inserted in an antisense direction relative to the plasmid-borne Plac promoter. Structure A was amplified using primers 6560U and 8848L 9 for cloning into the pBBR1MCS.3 plasmid and primers ApIMXbaI and KPCpIMEcoRI for In-Fusion cloning into the pIM-arr2 plasmid. Structure B was amplified using primers BpBBXbaI and KPCSpeI for cloning into the pBBR1MCS.3 plasmid and primers BpIMXbaI and KPCpIMEcoRI for cloning into the pIM-arr2 plasmid. Structure C was amplified using primers CpBBXbaI and KPCSpeI for cloning into the pBBR1MCS.3 plasmid and primers CpIMXbaI and KPCEcoRI for cloning into the pIM-arr2 plasmid.
Mapping of the bla KPC gene transcriptional start sites (TSSs)
Reverse transcription and rapid amplification of cDNA ends (RACE; Invitrogen) were performed as previously described. 9 
Quantitative PCR and RT-PCR experiments
In order to quantify transcription of the bla KPC gene in E. coli, P. aeruginosa and A. baumannii one-step quantitative RT-PCR (SYBR Green RotorGene Qiagen, France) was used as previously described. 9 Transcriptional levels were standardized relative to the transcriptional level of the constitutive 16S rRNA. 16S rRNA amplification was performed with primers previously described for E. coli and P. aeruginosa, whereas specific primers were used for A. baumannii (Ab16S-F and Ab16S-R; Table S1 ). The transcriptional levels, determined by quantitative RT-PCR, were interpreted using 2 #DDCT as previously described. 9, 17 Relative plasmid copy number was measured for each transformant by quantitative PCR experiments performed on total DNA as previously described. 8 It was calculated as the number of bla KPC genes, representing the plasmid target, divided by the number of rpoB genes, representing the chromosomal target (Table S1 ).
Results and discussion

Susceptibility testing
Among the transformants, b-lactam MICs varied with respect to the genetic structure encompassing the bla KPC-2 gene (Table 1) . In E. coli, structure A conferred the highest level of resistance to ceftazidime and carbapenems as compared with structures B and C. The rapid spread of KPC enzymes in Enterobacteriaceae is associated with Tn4401b. 9 As our results are in line with the observed high prevalence of structure A among enterobacterial isolates, it is tempting to speculate that it might have been selected for its better activity. In P. aeruginosa, structures A and C conferred highlevel resistance to b-lactams, whereas structure B conferred only Preferred deduced promoters are indicated for each strain (see Figure 1 for details).
KPC expression JAC reduced susceptibility to carbapenems. In A. baumannii, MICs of ceftazidime and carbapenems were high, irrespective of the promoter structure used.
Quantitative RT-PCR analysis
The transcriptional level of the bla KPC-2 gene was determined and compared in the three genetic contexts. Using pBBR1MCS.3 as vector, in E. coli, the most efficient genetic structure was structure A, for which an 18-and 10-fold higher transcriptional level was observed as compared with structure B and structure C, respectively (Table 1 ). In P. aeruginosa, structure C was the most efficient, 71-and 63-fold higher than with structures A and B, respectively (Table 1) . These results are in accordance with the epidemiology of this carbapenemase, structure A being mostly prevalent in Enterobacteriaceae and structure C only identified in P. aeruginosa. For A. baumannii the shuttle vector pIM-arr2 was used as it can efficiently replicate in this species and in E. coli. The levels of transcription conferred by each structure were compared with those observed in E. coli. Similarly to E. coli, the higher levels of transcription were conferred by structure A in A. baumannii (Table 1) . It is noteworthy that transcriptional differences could be observed in E. coli depending on the vector used (pBBR1MCS.3 and pIM-arr2; Table 1 ).
In order to determine whether the plasmid copy number was correlated with bla KPC gene transcription, quantitative PCR experiments were performed. The plasmid copy number of pBBR1MCS.3 was 2 per genomic DNA target, whereas that of pIM-arr2 was 4 in E. coli. In P. aeruginosa the plasmid copy number of pBBR1MCS.3 was 6 per genomic DNA target. In A. baumannii the plasmid copy number of pIM-arr2 was 3 per genomic DNA target (data not shown). Similarly to the previous study by Roth et al., 8 no link could be evidenced between the gene copy number, the levels of transcription of the bla KPC gene and the susceptibility testing results.
Mapping of the bla KPC TSSs
In order to determine the TSSs of the bla KPC gene, 5 0 RACE experiments were performed using total RNAs extracted from recombinant E. coli, P. aeruginosa and A. baumannii harbouring structures A, B and C. In E. coli and in A. baumannii, the TSS of the bla KPC gene of structure A was located 288 bp upstream from the translational start codon. The deduced promoter corresponds to the previously described P2 promoter (Figure 1 ). 9 In P. aeruginosa, the bla KPC gene TSS in structure A was located 39 bp upstream of the translational start codon. The deduced promoter sequence corresponded to the previously described P1 promoter. 2 The use of P1 resulted in a lower transcriptional efficiency of structure A as compared with structure C in P. aeruginosa. Nevertheless, high MICs of carbapenems obtained with structure A in P. aeruginosa were not correlated with this result. In structure B, two different TSSs were identified: (i) one located at 185 bp (guanine) and (ii) one located at 142 bp (thymidine) upstream of the translational start codon (Figure 1b) . The deduced promoters were named P2b, preferentially used in E. coli, and P3b, preferentially used in P. aeruginosa. This latest TSS was located 103 bp upstream from that of the previously described P1 promoter. 12 The P1 promoter was that used for bla KPC gene expression in A. baumannii. The TSS of structure C was the same irrespective of the host (E. coli, P. aeruginosa or A. baumannii) and similar to that described previously (Figure 1) . 3 
Conclusions
Some studies suggested that higher levels of transcription of bla KPC genes were associated with increased carbapenem MICs. 18, 19 However, our study suggests that elevated mRNA transcription and higher plasmid copy number were not systematically correlated with decreased susceptibility patterns. Although well correlated in E. coli, the levels of transcription of the bla KPC gene were not correlated with the carbapenem MICs in A. baumannii or in P. aeruginosa (Table 1 ). Post-transcriptional or translational regulation and other mechanisms, such as porin down-regulation and as yet unidentified mechanisms, have to be investigated.
Beyond the relationship between bla KPC gene expression and its impact on MICs, this study highlights the use of different promoters depending on the species in which the gene was expressed. The variability in bla KPC gene expression in the same species following exposure to sub-inhibitory levels of antibiotics, as observed by Roth et al., 20 may also be correlated with a differential usage of the promoters.
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